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^ Improved load lock pumping mechanism. 



(57) In a vacuum system for processing workpieces (15), a 
vacuum chamber has a workpiece-en trance opening. Load 
lock means for said entrance opening include a door (22) for 
sealing the outside of said opening, a movable closure 
member vk/ithin the chamber to seal the entrance opening 
from the interior of the vacuum chamber, and forming a load 
lock chamber when the door (22) and closure member (150) 
are both in closed positions. The load lock , chamber is 
connected to a roughing pump and is separately connected 
to a high vacuum pump through a pumping opening in one 
or the other of said internal closure member or said door 
(22). A large aperture valve (150) is provided in said pumping 
^ opening. In one embodiment said pumping opening is con- 
^ nected via suitable conduits (168) and valves (140) to a 
^ roughing pump and also to a high vacuum pump. In another 
1^ embodiment said pumping opening is connected only to the 
^ high vacuum pump, and the roughing pump is connected to 
the load lock chamber via an aperture in the edge of the 
entrance opening in the processing chamber wall. 
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@ Improved load lock pumping mechanism. 

@ In a vacuum system for processing workpieces (15). a 
vacuum chamber (10) has a workpiece-entrance open- 
ing (23). Load lock means (12) for said entrance opening (23) 
include a door (22) for seating the outside of said open- 
ing (23). a movable closure member within the chamber to 
seai the entrance opening from the interior of the vacuum 
chamber, and forming a load lock chamber when the 
door (22) and closure member (160) are both in closed posi- 
tions. The load lock chamber (12) is connected to a roughing 
^ pump and is separately connected to a high vacuum pump 
through a pumping opening in one or the other of said inter- 
nal closure member or said dcor (22). A large aperture 
1^ valve (146) is provided in said pumping opening. In one em- 
bodiment said pumping opening is connected via suitable 
d conduits (168) and valves (140) to a roughing pump and also 
O) to a high vacuum pump. In another embodiment said pump- 
ing opening is connected only to the high vacuum pump, and 
^ the roughing pump is connected to the load lockchamber(12) 
(Q via an aperture (164) in the edge of the entrance opening in 
the processing chamber wail. 



18 32 




-TO HIGH 
VACUUM PUMP 



TO ROUGHING PUMP ' 



CL 

Ul 



ACTORUM AG 



-1- 



016192 



Improved Load Lock Pumping Mechanism 

Background of the Invention 

The present invention relates to processing 
substrates in a vacuum chamber. More particularly, 
the field of the invention is sputter coating of 
semiconductor wafers, and apparatus for effecting 
such metallization coating of wafers individually, 
and on a serial, continuous basis. The invention is 
an improvement in the arrangement for pumping the 
load lock of the vacuum chamber, which increases the 
rate of processing and decreases the costs. 

In such continuous throughput systems, wafers 
must-.be introduced into the vacuum chamber through a 
load lock in order to prevent exposing the vacuum 
condition in the chamber to the air outside the 
chamber. 

When a wafer is to be loaded into the chamber, 
the inner closure means, such as a sealing plate, is 
activated to seal the inner side of the opening, and 
then the outer closure means, such as a sealing door 
is opened. Next the door is opened, a wafer is 
inserted through the opening, and the door is again 
closed. The load lock chamber now containing the 
wafer is pumped down to contain an atmosphere 
compatible with the atmosphere in the processing 
vacuum chamber, and then the inner sealing plate is 
moved away from the opening to expose the wafer for 
processing in the main vacuum chamber. 

Object of the Invention 

The object of the invention is to provide an 
improved load lock arrangeijient for use in vacuum 
processing systems wherein workpieces are 
introduced into the system without exposing the 
processing chamber to air. 
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Summaxy of the Invention 

Preferred embodiments of the invention are 
described by way of example in connection with 
apparatus for coating wafers individually, which 
apparatus includes a ring-shaped sputtering source 
emitting coating material, means for locating an 
individual one of the wafers in facing stationary 
relationship to the source, as well as means 
for maintaining the source and wafer in an argon 
environiTtent of up to 20 microns pressure (1 micron = 
10"3 millimeters of mercury = 1 millitorr = 0.133 
Pa) during coating of the wafer. 

The coating apparatus includes internal wafer 
support means positioned within the chamber 
immediately inside of the entrance thereof, including 
means for releasably and resiliently gripping 
edgewise an individual wafer, to immediately accept a 
wafer upon insertion and permit instant release and 
removal upon completion of coating* The apparatus 
also includes load lock means including a movable 
closure member within the chamber to seal the wafer 
support means off from the remainder of the chamber 
interior and when the door of the entrance is opened, 
isolating the wafer and support means from the 
chamber environment during insertion and removal of 
a wafer. The load lock is connected to a roughing 
pump and is separately connected to a high vacuum 
pump through a pumping opening in one or the other 
of said internal closure member or said door. A 
large aperture valve is provided in said pumping 
opening. In one embodiment said pumping opening is 
connected via suitable conduits and valves to a 
roughing pump and also to av^high vacuum pump. In 
another embodiment said pumping opening is connected 
only to the high vacuum pump, and the roughing pump 
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is connected to the load lock chamber via an aperture 
in the edge of the entrance opening in the processing 
chamber wall. 

These and further constructional and operational 
characteristics of the invention will be more evident 
from the detailed description given hereinafter 
with reference to the figures of the accompanying 
drawings which illustrate preferred embodiments and 
alternatives by way of non-limiting examples. 

Brief Description of the Drawings 

FIG. 1 is an elevational view of a complete 
wafer coating system in which the invention is 
particularly useful, showing the main cylindrical 
processing chamber, the door arrangement at the 
entrance of the load lock to the chamber, and the 
four remaining work stations of the processing 
chamber, together with portions of the wafer cassette 
load /unload assembly; 

FIG. 2 is a broken-away perspective view of the 
processing chamber of FIG. 1, showing the load lock 
and sputter coating stations in more detail; 

FIG. 3 is a perspective view of the cassette 
load/unload assembly of FIG. 1, showing its manner 
of cooperation with cassettes of vertically-oriented 
wafers and the door assembly of the processing 
chamber, and the manner in which wafers are 
transferred therebetween and into the chamber load 
lock ; 

FIG. 4 is a cross-sectional elevational view of 
the door and load lock of FIGS. 1 through 3, showing 
the manner in which the door assembly loads a wafer 
into the load lock, and the/manner in which the load 
lock is sealed from the remainder of the processing 
chamber interior; 
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FIG. 5 is a view similar to FIG. 4, showing 
the relative positions of the elements of the load 
lock upon completion of loading of the wafer 
therewithin; 

5 FIG. 6 is a view similar to FIGS. 4 and 5, 

showing the position of the wafer and the load lock 
elements just subsequent to the extraction of a 
wafer from the internal wafer support assembly, and 
prior to the opening of the door, or just before the 
10 loading of a wafer into the internal wafer support 
assembly immediately after closure of the door for 
loading; 

FIG. 7 is a sectional view of the coating 
station on an enlarged scale; 
15 FIG. 8 is a cross-sectional elevational view 

of the load lock showing the connection to the 
vacuum pumping system in the prior art, 

FIG. 9 is a cross-sectional elevational view 
of the load lock showing the connection to the 
20 vacuum pumping system in the preferred embodiment 
of the invention, 

FIG. 10 is a cross-sectional elevational view 
of the load lock showing the connection to the 
vacuum pumping system in an alternate embodiment of 
25 the invention. 

FIG. 11 is a cross-sectional elevational view 
of the load lock showing the connection to the 
vacuum pumping system in an alternate embodiment of 
the invention showing pumping through the door and 
3 0 separate rough pumping . 

FIG. 12 is a cross-sectional elevational view 
of the load lock showing the connection to the 
vacuum pumping system in an- alternate embodiment of 
the invention showing pumping through the door. 
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Detailed Description 

The wafer coating system of FIG. 1 principally 
includes a generally cylindrical vacuum processing 
chamber 10 having five work stations, one of which 
comprises load lock arrangement 12, and one of 
which comprises .coating station 14. Remaining 
further elements of the coating system found within 
chamber 10 may be seen in more detail in FIG. 2, 
which also shows a wafer 15 within load lock 12, 
and also a wafer at coating station 14. Further 
elements include pressure plate 16, wafer carrier 
plate assembly 18, and clip assemblies 20 (better 
shown in FIG. 3), by which a wafer is retained 
within wafer carrier plate assembly 18. Door 
assembly 2 2, which seals the entrance opening 23 
of chamber 10, and which cooperates with the just 
mentioned elements to form the chamber load lock 
arrangement 12, completes the principal elements 
of processing chamber 10. These elements, together 
with cassette load/unload assembly 24 and the 
various ancillary vacuum pumps 25 for chamber and 
load lock evacuation, and- control means, are all 
housed compactly in cabinet 26. 

The system desirably includes several other 
work stations other than load lock arrangement 12 
and coating station 14, in particular wafer heating 
station 28, auxiliary station 29, and wafer cooling 
station 130. All five work stations are equally 
spaced laterally from each other and from the 
central axis 36 of the vacuum chamber. Also 
included are at least two pneumatic rams 30 and 31 
which function to drive pressure plate 16 and wafer 
carrier plate assembly 18 against the front wall 
32 of chamber 10, and carrier plate drive 35, 
which centrally mounts carrier plate assembly 18, 
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which is circular and of nearly the diameter of 
front wall 32, for rotation about the central axis 
36 of the vacuum processing chamber. 

In general, wafers are individually presented 
and loaded by door assembly 22 into load lock 
arrangement 12 and thereby within wafer carrier 
plate 18. The wafer is then passed in turn to 
each of the work stations, where it is heated for 
completion of outgassing and/or sputter-etch 
cleaned, coated, optionally coated with a second 
layer, cooled, and then returned again to load lock 
12 for removal from wafer carrier plate assembly 18, 
again by door assembly 22, Although the foregoing 
generally-described system is a rotary one and a 
mult i— station one, the load lock and coating steps 
are equally applicable to a single station or dual 
station configuration, or a non-rotary or in-line 
arrangement as well. 

Now considering the system in more detail from 
the view point of an incoming wafer, the load lock 
arrangement 12 through which a wafer 15 must be 
passed in order to enter the evacuated environment 
of the chamber is of key importance. FIGS. 4-6 are 
especially important in appreciating the operation 
of the movable elements of load lock 12. As pointed 
out above, the load lock is defined by a sandwich 
arrangement of elements between the chamber door 
assembly in its closed position against the front 
wall of the processing chamber and the pressure 
plate in its driven position. The load lock is 
built around a circular aperture 37 within wafer 
carrier plate assembly 18, which is positioned 
internally of the chamber just inside the chamber 
entrance 23 associated with load lock 12, with plate 
assembly 18 generally parallel to wall 32 and the 
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pressure plate 16, positioned within the chamber 
rearwardly of plate assembly 18. Wafer 15 is loaded 
and held within the load lock and within the plate 
assembly by means which will be described below. 
The controlled suba tmospher ic environment which may 
be provided within chamber 10 for certain wafer 
processing operations may be, for example, up to 20 
microns of argon or other inert gas for sputter 
coating operations. Because of this evacuated 
environment, the load lock region must be sealed 
off from the remainder of the chamber interior 
whenever door 22 is open in order to preserve the 
evacuated environment. Pressure plate 16 serves the 
function of isolating the load lock area from the 
chamber interior (and also several other functions 
simultaneously at other work stations, as will be 
shown below). Pneumatic rams 30 and 31, mounted to 
the rear plate of the processing chamber, drive the 
pressure plate and plate assembly against front 
chamber wall 32, with pneumatic ram 30 being applied 
particularly to the pressure plate concentrically 
with load lock arrangement 12 to effect the sealing 
of the load lock. Both pressure plate 16 and chamber 
front wall 32 are equipped with O-rings 38 arranged 
in a circular pattern concentric with chamber 
entrance 23 provide vacuum seals in the sandwich 
arrangement of elements defining the load lock. 
Chamber door assembly 22, which in its closed 
position seals against the outside surface of 
chamber front wall 32 and also includes a concentric 
O-ring 39 to provide the vacuum seal, completes 
the load lock by sealing off the chamber entrance 
23 from the outside atmosphere. FIGS. 4 and 6 show 
the completed load lock, with pressure plate 16 in 
its forward, advanced position, compressing plate 
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assembly 18 against chamber wall 32, and sealing off 
aperture 37; and door 22 closed to seal off chamber 
entrance 23 to form the load lock about aperture 37, 
which is only of a size no larger than necessary to 
accommodate a single wafer. It may be seen that an 
unusually thin low-volume load lock is thereby 
defined with a minimum of elements, and of a minimum 
size necessary to accommodate wafer 15 therewithin. 
FIG* 5 shows pressure plate 16 in its withdrawn, 
rest position, and with the wafer already secured 
within plate assembly 18 within the chamber* 

Cooperating with this thin load lock 
arrangement is wafer carrier plate assembly 18, 
which includes a plurality of circular apertures 
such as at 37 (as best seen in FIG. 2) matching the 
number and spacing of work stations within chamber 
10. The ap.ertures 37 are of a diameter larger than 
the wafers, are equally spaced from each other, and 
centered at the same radial distance from the central 
axis of the processing chamber. The aforementioned 
work stations are likewise spaced, so that when any 
aperture of the wafer carrier plate assembly 18 is 
aligned with any work station of the processing 
chamber, the remaining apertures are each similarly 
aligned with a respective one of the remaining work 
stations. Thus, if a wafer is secured within each 
of the apertures of carrier plate 18, each of such 
wafers can be individually processed at a work 
station simultaneously with the processing of other 
wafers respectively at the remaining work stations. 
In this manner, a wafer is individually processed 
at a given station, yet during the same time, several 
other wafers may also undex^go other operations at 
the remaining work stations. In particular, while 
a wafer is being unloaded and/or loaded at load 
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lock 12, another wafer may be coated at coating 
station 14, while still another wafer may be heated 
at heating station 28. Carrier plate drive 35 
intermittently operates to move plate assembly 18 
by the distance of one station so as to serially 
present each of the wafers in turn to each of the 
processing stations in a counterclockwise direction, 
until a given wafer finally returns to the load 
lock for unloading therefrom. 

As the wafer is transported from work station 
to work station as above described, it is important 
that the wafer be supported within carrier plate 
assembly 18 so as to avoid any risk of mechanical 
damage and abrasion due to being moved about, and 
generally so as to be protected from mechanical 
shock, vibration, and abrasion. To this end, wafer 
carrier aperture 37 is of a diameter such that both 
a wafer and a set of clip assemblies 20 can be 
accommodated within the periphery of the aperture, 
and recessed and parallel with the carrier plate, 
thereby protecting the wafer. The set of thin 
edgewise-acting clip assemblies also is important 
to the formation of the thin load lock arrangement 
12, and edgewise resiliently supports the wafer in 
an upright position within plate assembly 18. An 
especially advantageous form of such an edgewise 
acting clip assembly is shown in cross section in 
FIGS. 4 through 6. A set of four clip assemblies 20 
is mounted within retaining rings 41 which are remov- 
ably attached to the disc-like circular wafer carrier 
plate 42 concentrically with each of plate apertures 
37, thus forming the complete wafer carrier plate 
assembly 18. This arrange/hent mounts a set of clip 
assemblies 20 in spaced relationship within the 
periphery of each circular aperture 37. Retaining 
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rings 41 are of U-shaped cross section, with each 
having flanges 46 and 47 defining the inner and 
outer peripheries thereof, and clip assemblies 20 
are recessed within these flanges. 

As may be seen in any of the FIGS. 3 through 
6, clip assemblies 20 each include a block 50 of 
generally rectangular cross section, which may be 
of insulating material for applications such as 
sputter etch for which electrical isolation of the 
wafer is desired, and an elongated spring clip 53 
firmly engaged. in wraparound fashion about block 50. 
Each clip 53 includes at the end thereof opposite 
the block an arcuate finger portion or tip 55, which 
is of a curvature in radius appropriate to gripping 
an edge of a wafer. Extending from block 50 is 
proximal flat portion 56, which lies within a plane 
closely adjacent and parallel with the plane defined 
by plate aperture 37. On the other hand, distal 
portion 57 is angled away from portion 56 down toward 
the plane of plate aperture 37, and defines an obtuse 
angle with portion 56. This clip arrangement results 
in a plurality of arcuate tips 55 lying on a circular 
pattern of diameter somewhat less than that of a 
typical wafer 15 (such circular pattern also lies 
within the plane of wafer carrier plate 42). 

Wafer insertion into load lock 12 may be 
effected manually by simply pushing a wafer by its 
edge or rear face into clip assemblies ' 20 . This 
will, however, involve some edge rubbing of the 
wafer against distal portion 56, to spread apart the 
clips somewhat to accept the wafer within tips 55. 
In order to insert a wafer without such rubbing 
contact therewith, the clip^s. must first be slightly 
spread, and then allowed to rebound against the 
edge of the wafer upon insertion thereof into the 
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load lock. Although both wafer insertion and clip 
spreading may be done manually, it is far preferable 
to avoid all such manual operations, and the conse- 
quent added risk of damage, error, and contamination 
associated therewith. Chamber door assembly 22 
carries thereon a vacuum chuck 60 centrally axially 
therethrough, and a plurality of clip actuating 
means 62 near the periphery thereof. These elements, 
along with wafer cassette load/unload assembly 24, 
provide an automated wafer loading and unloading 
arrangement for load lock 12 which avoids all such 
manual handling of the wafers, and automates the 
loading process. 

As thus seen in FIGS. 1 and 3, chamber door 
assembly 22 is attached to front wall 32 of chamber 
10 by a heavy-duty hinge 63 having a vertical axis, 
to allow the door to open and close in a conventional 
manner to a fully open position as shown, wherein 
the door and its inside face 64 are vertical and 
perpendicular to the plane of chamber entrance 23, 
as well as to plate assembly 18. Vacuum chuck 60, 
which extends axially and centrally through the 
door so that the active end thereof forms part of 
the inside face 64 of the door, engages a wafer 
presented vertically to the inside face of the door 
and holds the wafer by vacuum suction as the door is 
closed, whereupon the vacuum chuck axially extends 
from the inner door face as shown in FIG. 4 to carry 
*the wafer into engagement with clip assemblies 20. 
The vacuum chuck will then withdraw, and wafer 15 
is held in the chamber by the clip assemblies and 
undergoes processing, and movement to the various 
work stations in turn by rotation of plate assembly 
18. In this preferred embodiment, the vertical 
presentation of the wafer to the inside face 64 of 
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the door is effected by load/unload assembly 24, as 
will be further detailed below. 

It should be noted that the load lock arrange- 
inent/ wafer carrier plate assembly 18, and door 
assembly 22 need not be limited to a vertical 
orientation, although this is preferred to help 
obviate any possibility of debris settling upon a 
surface of the wafer. The clip assembly, carrier 
plate and load lock arrangement of the invention, 
as well as all of the work stations, function equally 
well if oriented horizontally. Indeed, although the 
load/unload assembly 24 for the vertically-oriented 
wafer cassettes is meant for vertical operation, the 
door assembly 22 could easily be made to load wafers 
into the load lock in a horizontal plane, yet accept 
wafers in a vertical orientation, by suitable modifi- 
cation of its manner of mounting to the chamber wall 
in a conventional manner. 

As noted above, it is preferable to avoid simply 
loading a wafer into the clip assemblies 20 within 
the load lock by pushing a wafer against the angled 
distal portion 57 of the clips. In order to insert 
a wafer without such rubbing contact, the clips must 
first be slightly spread, and then allowed to 
rebound against the edge of the wafer upon insertion 
thereof into the load lock. This is accomplished 
automatically as the wafer is being inserted by 
vacuum chuck 60 by four clip actuating means 62 
mounted within the door as aforementioned. Each 
clip actuating means 62 is mounted so as to be in 
registration with a corresponding one of clip 
assemblies 20 when the door is in its closed 
position. Each clip actuat^L'ng means 62, shown in 
detail in FIG. 4, includes a pneumatic cylinder 65, 
a contact pin 66 which moves axially inwardly and 



-13- 



0161927 



outwardly, and is propelled by cylinder 65. Pins 
66 are each in registration with one of flat proximal 
clip portions 56 when the door is in its closed 
position* With door 22 closed, pins 66 are extended 
5 just prior to insertion of a wafer, or as a wafer is 

to be withdrawn. The pressure of a pin 66 against 
' the facing flat clip proximal portion 56 presses 
the clip and causes the tip 55 to swing back and 
outwardly, thereby releasing the clips, to facilitate 

10 insertion or removal of a wafer without rubbing 

contact therewith. 

During wafer unloading after completion of the 
wafer processing, these operations are reversed, 
with the chuck again extending and applying vacuum 

15 to the backside of the wafer to engage same, with 

the clip actuating means again cooperating to release 
the chips, whereupon the door opens and the chuck 
retains the wafer on the inside face of the door by 
vacuum suction until the wafer is off-loaded by 

20 load/unload assembly 24. 

As we have seen, when in its fully opened 
position, door assembly 22 is poised to accept a 
wafer for insertion into the load lock arrangement 
12, or it has just opened and carried a finished 

25 wafer from load lock 12, which must then^ be unloaded 

from the vacuum chuck. The function of presenting a 
wafer to the door assembly 22 for loading, or for 
removing a processed wafer therefrom for unloading, 
is performed by cassette load/unload assembly 24, 

30 which includes wafer elevator assembly 68 and wafer 

cassette conveyor assembly 69. Extending below and 
on either side of chamber entrance 23 and attached 
to wall 32 of the chamber is the conveyor assembly, 
which moves cassettes 70 of wafers generally along 

35 from the right of the entrance as shown in FIG. 1 to 
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left. The cooperating wafer elevator assembly 68 
lifts wafers individually from the cassettes conveyed 
by conveyor assembly 69 to the operative end or 
vacuum chuck 60 within the inside face 64 of door 
assembly 22, or lowers such wafers from the door upon 
completion of processing. 

Conveyor assembly 69 includes a spaced pair of 
parallel rails 72 and 73 extending horizontally and 
longitudinally across the front of wafer processing 
chamber 10, The rails support and convey cassettes 
70, and the spacing of rails 72 and 73 is such that 
the sidewalls of the cassettes straddle the rail and 
enable the cassettes to be slidably moved along the 
rails across the conveyor assembly. Motive power for 
15 the movement of the cassettes is provided by chain 

drive means 75 which includes various guides and 
gear arrangements causing a roller chain to be 
moved alongside rail 72. The chain is provided at 
regular intervals with guide pins 76, which engage a 
matching cutout on the bottom of cassette wall 77 
adjacent rail 72, Thus, the cassette is caused to 
move at the same rate as the chain toward and away 
from elevator assembly 68, as required. A stepper 
motor means 80 is provided as the driving power for 
the chain means 75, to provide precise control over 
the movement of the cassettes, so that any chosen 
individual wafer within a cassette may be positioned 
for interaction with the wafer elevator assembly 68, 

The cassettes 70 hold a plurality of the 
wafers 15 in spaced, facing, aligned and parallel 
relationship, and are open at the top as well as 
over a substantial portion of their bottom, to 
permit access from below and above the wafers. They 
_ must be loaded so that _the front faces of the wafers, 
35 which contain the grooves, steps, and other features 
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defining the microcircuit component s , face away from 
the inside face 64 of the open door 22, and so that 
the rear faces of the wafers face toward the door 
assembly. This ensures that when the vacuum chuck 60 
engages the wafer, no contact is made with the front 
face containing the delicate microci rcui ts , and that 
the wafer is properly positioned upon insertion into 
the load lock 12 so that it will be oriented properly 
with respect to processing equipment within the 
processing chamber 10. 

The wafer elevator assembly 68 is positioned 
below and just to the left side of chamber entrance 
23 and includes an upper guide plate 82, a blade-like 
elevator member 83, and an actuating cylinder 84 
connecting to the lower end of member 83. Elevator 
blade member 83 is guided for movement up and down 
in a vertical path intersecting at right angles 
conveyor 69 between rails 72 and 73 to inside face 
64 of door 22. Guide slot 85 in guide plate 82 
just below the inside face of the door in the open 
position provides the uppermost guide for blade 83, 
while a vertical guide member 86 extending below the 
conveyor toward the actuating cylinder also aids in 
retaining blade 83 on its vertical path. The width 
of blade 83 is less than that of the spacing between 
rails 72 and 73, and also less than the spacing 
between the main walls of the cassettes 70 which 
straddle rails 72 and 73. Blade 83 is also thinner 
than the spacing between adjacent wafers retained 'in 
cassettes 70. 

Blade member 83 is further provided with an 
arcuate upper end 87 shaped to match the curvature 
of the wafers, and a groove, within this end adapted 
to match the thickness of a wafer and retain a 
wafer edgewise therewithin- Thus, elevator blade 
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member 83 passes between guide rails 72 and 73 and 
intersects conveyor and cassette at right angles 
thereto, upon stepper motor means 80 and chain drive 
75 bringing a cassette and wafer into registration 
over the path of the blade. As may be seen, the 
cassettes are constructed to allow access from below 
to the wafers, and to allow elevator blade 83 to 
pass completely therethrough. Accordingly, upon 
stepper motor means 80 and chain means 75 placing a 
cassette and wafer in registration over the path 
of the blade, blade 83 moves upwardly between the 
conveyor rails to engage from below a wafer within 
the groove of its upper end 87, and elevate the 
wafer upwardly to a position in registration 
concentrically with and immediately adjacent inside 
face 64 of chamber door 22 in its open position. 
Note that since the wafers are vertically oriented, 
gravity aids in holding the wafers firmly yet gently 
and securely in the grooved end 87 of the blade. 

Upon arrival of the wafer at the door 22, 
vacuum chuck 60 engages wafer 15 at its rear face 
by suction, and elevator blade 83 then is lowered 
through guide slot 85 and the cassette to a point 
below conveyor 69. Door 22 then closes with the 
wafer retained by the chuck 60, and the wafer is 
thereby loaded into the load lock arrangement 12 
and chamber entrance 23 sealed simultaneously as 
described above for processing within chamber 10. 
Prior to completion of processing for wafer 15, 
still further wafers may be loaded within the 
remaining ones of .apertures 37 of plate assembly 
18; therefore the stepper motor and chain drive 
step the cassette one wafe^\posit ion to move the 
next wafer serially in position over blade 83. 
Blade 83 then rises to repeat its operation of 
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moving this next wafer upwardly to the open door, 
whose vacuum chuck then again engages that wafer 
for insertion into the load lock. Meanwhile, upon 
completion of processing for original wafer 15 by 
rotation in turn to each station, it is again at 
load lock 12, and vacuum chuck 60 again extends to 
the backside of the wafer while the door is still in 
its closed position, and clip actuating means 62 
simultaneously depress the clips to disengage same 
from the wafer to enable the removal thereof by 
chuck 60, whereupon the door is opened and the 
wafer again positioned over the path of blade 83. 
Meanwhile, stepper motor means 80 and chain means 
75 move the cassette back so that the original 
position of wafer 15 is presented over the blade 
path. Blade 83 then rises through conveyor rails 
72 and 73 and slot 85 upwardly to engage the lower 
edge of wafer 15, whereupon chuck 60 releases the 
wafer, and enables blade 83 to lower the wafer 
back into its original posit ion . within the cassette. 
The cassette is then propelled forward to the 
position of the next wafer to be processed serially. 

As aforementioned, pressure plate 16 is driven 
against carrier plate 18 and wall 32 whenever door 22 
is in its opened position, to protect the evacuated 
interior environment of the chamber from the 
atmosphere. We have seen that FIGS. 4 and 5 show 
in more detail the relative positioning of the 
pressure plate and wafer carrier plate, with FIG. 4 
showing the " aforementioned sandwich arrangement of 
the elements defining the load lock arrangement 12, 
and FIG. 5 showing the relative positioning of the 
elements when the pressure -plate is in its withdrawn 
position. Note also that FIG. 4 shows vacuum chuck 
60 in its extended position as the wafer is inserted 



-18- 



0161927 



into clip assemblies 20 with pins 67 of clip 
actuating means 62 partially extended after having 
spread the clips; while in FIG. 5, the vacuum chuck 
has withdrawn, as have the pins of the clip actuating 
means, and the wafer is now securely mounted in 
wafer carrier plate assembly 18. With pressure 
plate 16 withdrawn, the wafer is now ready to be 
rotated to subsequent processing stations. In FIG. 
6, the vacuum chuck is also in the withdrawn 
position; however, the vacuum suction is operative, 
and the wafer is shown in its position against the 
inner face 64 of chamber door 22. This is, of 
course, the position of the elements of the load 
lock and the wafer just after the wafer has been 
withdrawn from clip assemblies 20, prior to its 
being removed from the load lock; or, it also 
represents the position of the elements just after 
the door has been closed and the vacuum chuck has 
not yet advanced the wafer to its position within 
aperture 51 of the wafer carrier assembly. Pins 
67 of the clip actuating means 62 are shown bearing 
upon the clips just prior to depressing same to 
spread the clips in order to accept the wafer 
therewi thin. 

Upon completion of loading of the load lock with 
a wafer 15, the load lock chamber is pumped down to 
a level compatible with the processing chamber 
environment before the pressure plate is withdrawn 
as shown in FIG, 5, and the wafer 15 rotated to the 
first work station. 

While a wafer is being loaded into and/or 
unloaded from load lock station 12, pressure plate 
16 is in its active ad vanced"* pos i tion of FIG. 4, 
whereby plate assembly 18 is forced against front 
wall 32 of the chamber, the pressure plate is 
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similarly urging wafers in the remaining stations 
into contact or closer, working cooperation with the 
processing devices at those stations; for example, 
the first or heating station 28. 

The next station (see FIGS. 1 and 9) to which 
the wafer is advanced is coating station 14, where a 
sputter coating source 100 is mounted on the back 
plate 99 of the chamber, and for which an aperture 
101 of circular form is made within the pressure 
plate, to enable the sputtering source to direct 
coating therethrough to a wafer advanced by carrier 
plate assembly 18 into registration at the coating 
station. A shutter 102 is also provided to enable 
the coating material to be blocked during rotation 
of the carrier plate assembly and when a wafer is 
not present at the coating station. 

Referring once again to FIG. 1, the next station 
to which the wafer 15 is advanced is a second coating 
station 128. After leaving station 128, the wafer 
proceeds to station 130 which may be a cooling 
Stat ion. 

The final station to which wafer 15 is advanced 
is the load lock station 12, from which the wafer is 
removed and returned by means of load/unload assembly 
24 to the same slot in the cassette 70 from which it 
originally came. The entire load/unload operation 
was described in detail earlier. 

The preferred embodiment of the apparatus of 
this invention includes a plurality of processing 
stations for heating, coating, cooling and the 
like, and a wafer carrier plate assembly 18 for 
transporting wafers on an individual basis from 
station to station. For certain applications, an 
alternative embodiment includes an apparatus in 
which the wafer or other substrate remains affixed 
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to the load lock door during processing, the wafer 
carrier plate assembly being eliminated. A gate 
valve or other type of sealing plate on the high 
vacuum side of the load lock is movable to provide 
sequentially both internal sealing of the load lock 
chamber and communication between the wafer and the 
processing source. Although the apparatus of this 
embodiment lacks some of the versatility and high 
production rate capability of the preferred embodi- 
ment, it does have several appealing features, 
including: inherent simplicity and reliability; no 
wafer transport inside the vacuum system; and the 
wafer load at risk is at the irreducible minimum of 
one . 

In the embodiment of the apparatus of this 
invention, the wafer 15 is presented vertically 
to the inside face of chamber door 22, where it is 
engaged by vacuum chuck 60. Vacuum chuck 60 and 
clip actuating means 62 are mounted within the 
chamber door 2 2. Chamber door 22 is the outer 
door of load lock arrangement 12. 

In some applications it may be desirable 
to separate the wafer loading/unloading means 
from the vacuum sealing means. Accordingly, a 
further embodiment is one in which the wafer 
loading/unloading means retracts after loading 
the wafer into wafer carrier plate assembly 18, 
following which a separate O-ring-sealed door is 
brought into position to effect the outer seal for 
the load lock . 

In the context of the wafer coating system 
described above, the load lock is an essential part. 
The efficiency of pumping of the load lock limits 
the cycle time and contributes significantly to 
the cost of building and operating the system. The 
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pumping system as known in the prior art is shown in 

a simplified section of the load lock in FIG. 8. 

The front wall of the chamber 32 is sealed by the 

door 22 with 0-ring seal 39. The wafer carrier 

plate assembly 18 is sealed to the front wall with 

O-ring 38. The wafer 15 is shown schematically 

in the carrier plate assembly 18. a sealing plate 

160 with O-ring seal 158 is held in place by shaft 

181 of a pneumatic ram. The sealing plate can be 

the full pressure plate 16 or can be a disk large 

enough only to seal around the periphery of the 

aperture in carrier plate 18, as shown in FIG. 8. 

Alternatively, as previously discussed, the wafer 

can be held by the sealing door during processing 

and carrier plate 18 can be omitted, in which case 

plate 160 would seal against the inside of chamber 

wall 18 around the periphery of the chamber entrance 

opening. For pumping the load lock, high vacuum 

pumping system is combined with a roughing pump and 

is connected to the load lock through the exhaust 

manifold 168 and load lock isolation valve 140. 

The load lock interior is a shallow cylinder 

to accommodate the wafer and keep the volume small. 

In the prior art, the vacuum pumping system for 

evacuating the load lock was connected through the 

thin edge of the cylinder (wall 32) as shown in FIG 

8. The total volume of gas that goes to atmosphere' 

each cycle is load lock volume 142 plus the volume of 

connecting manifold 168. The connecting manifold 

volume cannot be made smaller due to mechanical 

constraints of other functions involved in opening 

and closxng the load lock door and of moving the 

wafer xn and out of the system. The cost in pumping 
egu.p , ,,,,,,, ^^^^ ^^^^^ ^^^^^^ ^^^^ ^P^^P.ng 

Phere to a low pressure prior to moving the wafer 
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into the operation chamber is related to five things: 

(1) the volume of atmospheric gas to be exhausted, 

(2) the surface area exposed to the atmosphere when 
the load lock is open, (3) the ultimate vacuum 
pressure needed, (4) the conductance in the tubing 
between the load lock and the pump, and (5) the 
time desired for reaching the necessary low pressure 
in the load lock. 

The time desired for reaching the necessary 
low pressure in the load lock depends on the type 
of processing system. In the system particularly 
disclosed herein, a first workpiece is moved from the 
load lock to a remote processing station in the main 
vacuum chamber, held stationary and processed, and 
then moved to another processing station or directly 
back to the load lock. In such a system, a second 
workpiece is inserted into the load lock while the 
first workpiece is held stationary at a processing 
station. Thus, in order for maximum throughput, the 
load lock must be pumped in the time required for 
processing at each of the one or more processing 
stations, if the time is the same at each station, 
or the longest time if the times are different. It 
is an unnecessary expense to pump the load lock in a 
shorter time. If pumping takes longer than the 
stationary processing time, the fastest possible 
throughput is not achieved* 

'In another type of processing system, a work- 
piece is introduced into the load lock where it 
remains during processing and is then removed before 
introducing the next workpiece. Referring to FIG. 
8, such a system may be one in which after pumping 
the load lock, the workpiece 15 remains stationary 
in the load lock, sealing disk 160 is moved far to 
the left, and the workpiece is processed in-situ. 
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for example, by an ion implantation beam. In such a 
system, the desired time for reaching the necessary 
vacuum in the load lock is as short as possible in 
order to achieve highest throughput. 

Regardless of the desired pumping time for the 
particular system, assuming it is reasonably short, 
the cost of pumping equipment can be minimized by 
reducing the volume exposed to the atmosphere, 
reducing the surface area exposed to the atmosphere 
and reducing the restrictions in the tubing between 
the load lock and the pump. To improve the pumping 
time without changing the geometry, it is necessary 
to increase the pump capacity, and thereby the costs. 
In the case of very short desirable pumping time, it 
may not be possible for presently known pumps to do 
the job, practically regardless of cost. In FIG. 8 
the constriction 164 inherent, in the prior art 
significantly restricts the pumping rate at low 
pressures. Also, the substantial volume and surface, 
area formed by manifold 168 up to valve 140 greatly 
increases the required pumping time. 

In the preferred embodiment of the invention 
shown in FIG. 9, the relationships of the front wall 
32, door 22 with O-ring seal 39, wafer 15, wafer 
carrier plate assembly 18 with O-ring seal 38 remain- 
as previously. shown. The exhaust manifold 168, 
valve 140 remain as before but the connector 172 now 
leads to a roughing pump only. The sealing plate 160 
in the prior art is replaced with a mini-chamber 146 
which seals at the back of the wafer carrier plate 
assembly 18 with the O-ring sealing means 158. 
The mini-chamber 146 has an aperture 148 which 
approximately matches the aperture 37. The mini- 
chamber has an outlet 166 tl> the high vacuum pump 
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and is positioned to seal against the wafer carrier 
plate assembly 18 by the pneumatic ram 181, Within 
the mini-chamber 146, there is a valve plate 150 
with 0-ring 156 which is positioned to seal by the 
5 valve actuator 152, 

In operation, the wafer 15 is inserted into the 
load lock and then the door 22 is closed and sealed. 
The mini-chamber 146 was previously sealed against 
the wafer carrier plate using the pneumatic ram 181 

10 and the valve plate 150 was sealed inside the mini- 

chamber 146 using the actuator 152. The valve 140 
is opened to rough pump the load lock through the 
connector 172. When a suitable pressure is reached, 
valve 140 is closed and then the valve plate 150 is 

15 withdrawn using the actuator 152 permitting the high 

vacuum pumping system to pump the load lock through 
the connector 166. When the ultimate high vacuum 
for the load lock is reached the valve plate 150 is 
again sealed using the actuator 152 and the mini- 

20 chamber 146 is withdrawn from contact with the wafer 

carrier plate 18 using the pneumatic ram 181. The 
pressure plate which fits around the mini— chamber to 
seal the wafer carrier plate 18 is then withdrawn 
allowing the carrier plate to be rotated to the next 

25 station. The pressure plate is then repositioned, 

the mini— chamber 146 sealed against the wafer carrier 
plate 18, the load lock is exposed to the atmosphere, 
the door 22 unsealed and opened to begin a new cycle. 
The large aperture 148 with large valve plate 

30 150 permits molecules being pumped by the high vacuum 

pumping system to have a larger mean free path between 
collisions and therefore a higher. pumping rate than 
in the prior art. It is estimated that the pumping 
time using the invention is.^'one-tenth of that in the 

35 prior art. 
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In an alternate embodiment shown in, FIG. 10, 
the valve 174 is used to isolate the connector 180 
to the high vacuum pumping system, .After the valve 
plate 150 is unsealed the valve 176 is opened to 
allow rough pumping through the connector 178, At a 
suitable pressure, valve 176 is closed and valve 174 
is opened to pump to a high vacuum. This embodiment 
has the disadvantage that the mini-chamber 146 is 
exposed to a higher pressure than in the preferred 
embodiment. 

Another alternate embodiment is shown in FIG. 
11. Here a solid pressure plate 160 with O-ring 
seal 158 is used to seal to the wafer carrier 
plate 18. The mini-chamber as shown in FIG. 9 is now 
combined with door 22 to form a mini-chamber-door 
unit. The separate roughing pump inlet 168 is 
used in this embodiment. This embodiment has the 
disadvantages that the connectors to the high 
vacuum pumping system are in the area in front 
of the door and hence are subjected to a large 
displacement with the opening of the door. 

A further embodiment, the least desirable 
of those shown, can be seen in FIG. 12. Here the 
mini-chamber is again combined with the door as 
in the last previous embodiment. The roughing 
pump is connected inside the mini-chamber-door 
assembly. This embodiment has all the disadvantages 
of the embodiments shown in FIGS. 9 and 11. ' 

This invention is not limited to the preferred 
embodiment and alternatives heretofore described, 
to which variations and improvements may be made, 
consisting of mechanically equivalent modifications 
to component parts, without, leaving the scope of 
protection of the present patent, the characteristics 
of which are summarized in the following claims. 
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CLAIMS 



What is claimed is : 

1. A pumping mechanism for a vacuum chamber 

comprising : 

a load lock having a front closure means 
through which a workpiece is inserted into said 
chamber and a rear closure means; 

one of said closure means having wall means 
forming a mini-chamber forming a connection with an 
external vacuum pumping means; 

valve means in said mini-chamber whereby to 
seal said load lock from said pumping means. 

2. A pumping mechanism according to claim 1 where 
said mini-chamber forms said rear closure means. 

3. A pumping mechanism according to claim 1 where 
said mini-chamber forms said front closure means. 

4. A pumping mechanism according to claim 2 where 
said load lock includes a movable wafer carrier 
plate with sealing means. 

5. A. pumping mechanism according to claim 4 
including a ram whereby to close said rear closure 
means. 

6. A pumping mechanism according to claim 5 where 
said valve means includes, a sealing plate forced to 
a sealing position by an actuator. 
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7. An improved load lock pumping mechanisni for 
use in a system for coating thin substrates by 
deposition under Vocuuir. on a wafer in a process 
chamber provided with an entrance opening, 
comprising: 

a circular door assembly with a first O-ring 
sealing means adapted and constructed to make a 
first vacuum-tight seal to an cuter surface of a 
front wall of said chamber at said opening, 

a movable wafer carrier plate assembly adapted 
and constructed to hold said wafer within a first 
circular aperture in said plate assembly, 

a second 0-ring sealing means on an inside 
surface of said front wall of said chamber at said 
opening adapted and constructed to form a second 
vacuum-tight seal between said front wall and said 
plate assembly, 

a mini-chamber moving within said process 
chamber having a second circular aperture roughly 
the same size as said first aperture in said plate 
assembly, and having an opening connected to an 
external high vacuum pump, 

s third 0-ring sealing means on an outside 
surface of said mini-chamber around said second 
aperture adapted and constructed to form a third 
vacuum-tight seal between said plate assembly and 
said mini-chamber, 

a pneumatic ram whereby to push said mini- 
chamber against said plate assembly forming said 
second and third vacuum-tight seals, 

a valve plate within said mini-chamber having a 
fourth O-ring sealing means adapted and constructed 
to form a fourth vacuum-tight seal between said 
valve plate and an inside surface of said mini-chamber 
at said second aperture, and 
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a valve actuator within said mini-chamber whereby 
to open and close said fourth vacuum-tight seal by 
moving said valve plate. 

8. A mechanism as in claim 7 where said high vacuum 
pump is a turbomolecular pump. 

9. Apparatus for processing workpieces in a vacuum 
type environment, said apparatus comprising: 

wall means forming a vacuum chamber having an 
entrance opening through which workpieces can be 
inserted into said vacuum chamber; 

processing means for processing workpieces 
inserted into said vacuum chamber; 

load lock means associated with said entrance 
opening and having a first movable closure means 
for sealing the outside of said entrance opening 
and a second movable closure means for sealing the 
inside of said entrance opening, whereby to provide 
in cooperation with said entrance opening a load 
lock chamber shaped to contain a workpiece; and 
one of said closure' means having a pumping 
aperture therein and valve means operable to open 
and close said aperture. , .. 

10. Apparatus as in claim 9 where said pumping 
aperture and valve means form part of said second 

- movable closure means. 

11. Apparatus as in claim 9 where said pumping 
aperture and valve means form part of said first 
movable closure means. 

12. Apparatus as in claim 10 including a ram to 
close said valve means. 
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